1 Reactions were monitored by thin-layer chromatography on precoated silica plates (0.25 mm layer thickness, Silica Gel 60 F 254 ) using UV light as the visualizing agent and ethanolic phosphomolybdic acid or aqueous ceric ammonium molybdate solutions and heat as developing agents. Column chromatography refers to flash chromatography and was performed on Merck silica gel 60, 230-400 mesh. To perform the synthetic reactions, it is advisable to work in a well-ventilated fume hood. All operations involving air-sensitive reagents were performed under an inert atmosphere of dry argon using syringes, oven-dried glassware, and freshly distilled and dried solvents. Melting points were determined using a Kofler hot-stage apparatus and are uncorrected. IR spectra were measured as KBr pellets or liquid films using a Nicolet Avatar 320 spectrometer. High resolution mass spectra (HRMS) were obtained by electrospray ionization (ESI) mode in a premier Q-TOF mass spectrometer equipped with an electrospray source (Waters, Manchester, UK). The obtained data are expressed as mass/charge ratio (m/z). Proton and carbon nuclear magnetic resonance ( 1 H and 13 C NMR) spectra were recorded at room temperature on a Bruker Avance DPX300 spectrometer operating at 300.1 and 75. 
Preparation of

MALDI Mass Spectrometry analysis of immunogenic and assay bioconjugates
Sample preparation. 100 μL of each of the protein conjugate solutions (0.5-1 mg/mL) were dialyzed against milliQ water and then freeze-dried and lyophilized. The samples were dissolved in 
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Antibody-coated direct cELISA. Plates were coated with 100 µL per well of primary antibody dilution in 50 mM carbonate-bicarbonate buffer, pH 9.6, by overnight incubation at 4 °C. Next day, plates were washed four times with washing solution. The competitive reaction was carried out by mixing 50 µL per well of analyte standard solution in PBS with 50 µL per well of enzyme tracer solution in PBST and incubation at room temperature during 1 h. Then, plates were washed four times with washing solution and color was generated and the absorbance was read as described for the previous assay format.
Capture antibody-coated direct cELISA. Plates were coated with 100 µL per well of GAR capture antibody solution at 1 µg/mL in 50 mM carbonate-bicarbonate buffer, pH 9.6, by overnight incubation at 4 °C. Next day, plates were washed four times with washing solution and 100 µL per well of primary antibody dilution in PBST was added. Plates were incubated 1 h at room temperature. Then, plates were washed four times with washing solution. The competitive reaction was carried out by mixing 50 µL per well of analyte standard solution in PBS with 50 µL per well of enzyme tracer solution in PBST and incubation at room temperature during 1 h. Then, plates were washed four times with washing solution and color was generated and the absorbance was read as described for the previous assay formats. Figure S2) 
1 H NMR spectra of haptens SPc and SPo and their NHS-esters (
